In addition to enhance agricultural productivity, synthetic nitrogen (N) and phosphorous 14 (P) fertilizer application in croplands dramatically altered global nutrient budget, water quality, 15 greenhouse gas balance, and their feedbacks to the climate system. However, due to the lack of 16 geospatial fertilizer input data, current Earth system/land surface modeling studies have to ignore 17 or use over-simplified data (e.g., static, spatially uniform fertilizer use) to characterize 18 agricultural N and P input over decadal or century-long period. In this study, we therefore 19 develop a global time-series gridded data of annual synthetic N and P fertilizer use rate in 20 croplands, matched with HYDE 3,2 historical land use maps, at a resolution of 0.5º latitude by 21 longitude during 1900-2013. Our data indicate N and P fertilizer use rates increased by 22 approximately 8 times and 3 times, respectively, since the year 1961, when IFA (International 23 Fertilizer Industry Association) and FAO (Food and Agricultural Organization) survey of 24 country-level fertilizer input were available. Considering cropland expansion, increase of total 25 fertilizer consumption amount is even larger. Hotspots of agricultural N fertilizer use shifted 26 from the U.S. and Western Europe in the 1960s to East Asia in the early 21 st century. P fertilizer 27 input show the similar pattern with additional hotspot in Brazil. We find a global increase of 28 fertilizer N/P ratio by 0.8 g N/g P per decade (p< 0.05) during 1961-2013, which may have 29 important global implication of human impacts on agroecosystem functions in the long run. Our 30
Introduction country-level fertilizer use record, crop-specific fertilizer use data, global maps of annual 81 cropland area, and spatial distribution of crop types at a 0.5º-resolution during the period 1900-82 2013. This newly-developed data set displayed within-country heterogeneity of fertilizer use 83 while keeping the country-level total fertilizer consumption amount consistent with IFA data, 84 and it has been recently incorporated as one of key environmental drivers for global model 85 simulation studies and model-model intercomparison project (e.g., Tian et al. in prep) . 86 To facilitate Earth System Modeling and inventory-based studies, this global N fertilizer use data 87 will be updated annually based on the most recent IFA/FAO country-level statistics data and 88 historical land use maps.
89

Methods
90
The basic principle is to spatialize the country-level N and P fertilizer use amount to 91 gridded maps of fertilizer use rate on per unit area cropland during the period 1961-2013 ( Figure   92 1), in which IFA and FAO have annual record for most countries. Here we adopt "Grand Total N 93 and P2O5" from IFA statistics data in the unit of thousand tonnes nutrients for each country. The 94 "Grand total" amount includes nutrients from straight and compound forms. N fertilizer use rate 95 before 1910 is set to be 0, and the data between 1911 and 1961 is assumed to linearly increase in 96 each pixel. P fertilizer use rate is assumed to linearly increase between 1900 and 1961. We 97 convert g P2O5 in IFA database and Heffer (2013) to g P by multiplying the ratio of 62/142. Earth Syst. Sci. Data Discuss., doi:10.5194/essd-2016 -35, 2016 Open Access application in IFA-included countries was subtracted from continental total, and the rest fertilizer 125 was assumed to be evenly applied in croplands not covered by IFA country-level survey. These 126 non-IFA countries together cover ~8% of global croplands, and account for less than 1% of 127 global synthetic N and P fertilizer consumption. Several countries (e.g., former Soviet Union, 128 former Czechoslovakia, former Yugoslavia) was broken up in the 1990s, and the emergent 129 countries only have fertilizer use archived thereafter. We use average fertilizer use rate at per 130 unit cropland area in the former countries to represent new countries' agricultural nutrient input 131 before their existence.
132
Harmonizing national total and crop-specific fertilizer use rate: In order to keep the 133 national total N and P fertilizer amount consistent with IFA inventory, we calculated country-134 level ratios between the time-series (1961-2013) national fertilizer use amount from IFA and the 135 product of gridded fertilizer use rate ( ̅̅̅̅̅̅̅̅̅ ) and gridded cropland area delineated by HYDE 136 3.2. This tabular country-level regulation ratio data was interpolated to half-degree maps, 137 combined with gridded fertilizer use rate ( ̅̅̅̅̅̅̅̅̅ ), for generating spatially-variant N and P 138 fertilizer use rate during 1961-2013. This approach was only used in the grid cells containing 139 croplands according to HYDE 3.2. In the rest areas, fertilizer use rate is zero.
Where , is the regulation ratio (unitless) in the year y and country j.
, is 142 national total N fertilizer use amount (unit: g N/yr or g P/yr) derived from IFA database in a 143 specific year, and , is the area of cropland (unit: m 2 ) retrieved from the historical half-144 degree land use data (HYDE 3.2) in the year of y and grid of g. 145 Earth Syst. Sci. Data Discuss., doi:10.5194/essd-2016 -35, 2016 Open Access Where gridded N and P fertilizer use rate (unit: g N or P/m 2 cropland/yr) in the year y and 147 grid g is the product of average crop-derived N fertilizer use rate and the modification ratio
in corresponding year and grid cell.
149
It is notable that EU-27 has the same crop-specific fertilizer use rate for each crop group, 1980s, and then declined in the following decades. It is argued that, after 1990, the major reason 186 for fertilizer use drop is a severe economic depression due to the breakup of Soviet Union and 187 the following conversion to market economies (Ivanova and Nosov, 2011).
188
Europe was hot spot of agricultural P fertilizer input before the 1980s, and it shifted to 195 Similar to agricultural N fertilizer use, the increase of total P fertilizer amount in Africa was 196 primarily driven by cropland expansion, its input rate on per unit cropland area was constantly 197 low, less than 0.5 g P/m 2 /yr during the past half century. Likewise, P fertilizer use rate in Russia 198 increased in the 1980s, and began to decline after 1990. 199 We find the enhancement of N fertilizer use is faster than that of P fertilizer use, leading 200 to an increase of N/P ratio in synthetic fertilizer consumption from 2.4 to 6.2 g N/g P (an 201 increase of 0.8 g N/g P per decade, p < 0.05) during 1961-2013. This increase mainly took place 202 in Europe, North Asia, and small areas of South America and Africa (Figure 7 ). However, 203 fertilizer N/P ratio declined in China and India from over 9 g N/g P in 1961 to 5-9 g N/g P at 204 present, which is mainly caused by extremely low P fertilizer input in these two countries before 205 national total fertilizer inputs at annual time step ( Figure 5 and 6 ). In addition, in spatializing 214 fertilizer data, the approach we used here based on crop-specific fertilizer use rate is more 
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